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(54) Hydraulic brake system for motor vehicles having an anti skid control device 



(57) The system ineludes a master brake cylinder 1 filled with a first pressure medium and acted upon 
mechanically by a hydraulic brake force booster 2 operated by a second pressure medium and operable as 
a pressure modulator for the anti-skid control, a shut-off valve 61-64 being provided in each of the brake 
lines 13, 14 leading from the master cylinder to the wheel brake cylinders. In order to minimize the 
reactions of a control pedal occurring during pressure modulation, modulation during anti-skid control is 
produced by working piston 22 of the booster 2 on the one hand and, on the other hand, by a modulation 
element 4 which is independent thereof, the pressure modulation being effected substantially exclusively 
by the modulation element 4 in the case of an average range of modulation and with the working piston 22 
retained in its axial position, and the working piston 22 being axially displaced to modulate the pressure in 
conformity with the control requirements only when larger pressure changes are required. As shown the 
modulation element 4 is a piston-cylinder unit separated from the brake booster 2. In Fig. 2 the element is 
an auxiliary piston (5) in the booster 2. A valve unit 7 of the anti-skid control device controls the 
modulation — various valve connections and operations are disclosed. 
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SPECIFICATION 

Hydraulic brake system for motor vehicles 
having an anti-skid control device 

5 

The invention relates to an hydraulic brake 
system for motor vehicles, having an anti-sktd 
control device. More specifically it concerns 
such systems of the type disclosed in German 
10 Offenlegungsschrift No. OS 33 22 786. 

Such known brake systems can be con- 
structed with low pressure brake force boost- 
ers or vacuum brake force boosters as well as 
with hydraulic brake force boosters. 
15 Compared with other anti-skid-controlled 
brake systems having hydraulic brake force 
boosters, the use of the hydraulic brake force 
booster as a pressure modulator, has the ad- 
vantage that, on the one hand, there is no 

20 necessity for a valve outlet from the con- 
trolled brake circuits to a reservoir for the 
control function "reduction of pressure", this 
being especially significant from the viewpoint 
of safety, and that, on the other hand, the 

25 energy supply (pressure accumulator, pump or 
the like, which in any case has to be provided 
in the servo circuit of the brake force booster, 
may be used for the control function "build-up 
of pressure". Since hydraulic brake force 

30 boosters (servo circuits) and master brake cyl- 
inders (brake circuits) are operated, inter alia, 
with different pressure media, for example 
with mineral oil on the one hand and with 
brake fluid on the other hand, it would not be 

35 possible to utilize this energy supply directly 
by feeding from the brake force booster into 
the brake circuits. 

When the working piston of a brake force 
booster is used directly for pressure modula- 

40 tion within the scope of anti-skid control, the 
travel of the thrust rod must always be pro- 
portional to the prevailing volume requirement 
of the wheel brake cylinders of the controlled 
brake circuits. Varying conditions of the 

45 roadway, such as "//-Sprung" or "//-Split" 

(abrupt changes in the coefficient of friction of 
the roadway or different coefficients of friction 
at the nearside and offside wheels), can lead 
to considerable pressure transients and hence 

50 to correspondingly long pedal travel, this be- 
ing extremely unpleasant and presenting diffi- 
culties for the driver of the vehicle. 

An object of the invention is to construct a 
brake system of the type specified, with the 

55 retention of its media separation betwe n th 
servo circuit on the one hand the brake circu- 
its on the other hand, in such a way that 
thereaction pedal remains relatively small and 
stable during the pressure modulation taking 

60 place within the scope of anti-sktd control. 

According to the present invention then, in 
an hydraulic brake system for motor vehicles 
having an antiskid control device, comprising a 
master brake cylinder operated by a first pres- 

65 sure medium, and a brake force booster which 
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acts mechanically upon the master brake cylin- 
der and which is operated by a second pres- 
sure medium and is operable as a pressure 
modulator for the anti-skid control, a respec- 
70 tive shut-off valve being provided in each of 
the brake lines leading from the master brake 
cylinder to the wheel brake cylinders, (a) the 
brake force booster is an hydraulic brake force 
booster having a pressure line connection 
75 which Is connectible to an hydraulic pressure 
source, and at least one return-flow line con- 
nection which is connectible to a reservoir and 
which additionally has an auxiliary connection 
connected to its working chamber (b) the 
80 pressure modulation during anti-skid control is 
produced on the one hand by the working 
piston of the brake force booster and, on the 
other hand, by a modulation element which is 
independent thereof, (c) in case of an average 
85 range of modulation (magnitude of the 

changes in pressure), the pressure modulation 
is substantially exclusively effected by the mo- 
dulation element, while the working piston is 
retained in its axial position in such a way that 
90 it is not displaceable in a direction to build up 
pressure, and (d) in the case of greater than 
average changes in pressure which may be 
required, the working piston is also axially dis- 
placeable in conformity with the control re- 
95 quirements. 

The modulation element may be a piston 
and cylinder unit which is separate from the 
brake force booster and whose axially displa- 
ceable piston sub-divides a cylindrial chamber 

100 into a modulation chamber which is filled with 
the first pressure medium and which commu- 
nicates with one of the brake circuits fed by 
the master brake cylinder, and a working 
chamber which, in conformity with the control 

105 requirements, is connectible either to the pres- 
sure source or to the reservoir by way of a 
respective shut-off and opening valve. Alterna- 
tively the modulation element may be an aux- 
iliary piston which is subjectable to pressure 

110 at both ends and which, disposed within the 
return-flow chamber of the brake force 
booster to sub-divide the said return-flow 
chamber into a first and a second component 
chamber, is rigidly secured to the thrust rod 

115 which is effective between the working piston 
of the brake force booster and the master 
brake cylinder and which is separate from but 
abuts axially against the working piston. 

Hence, in accordance with the invention, the 

120 working piston of the hydraulic brake force 

booster is not permanently and directly effec- 
tive as a pressure modulator within the scope 
of the anti-skid control during pressure modu- 
lation, but only when larger pressure changes 

125 are required. On the other hand, a special mo- 
dulation element, which is independent of the 
working piston, whether as an external con- 
struction or an unconnected auxiliary piston in 
the brake fore booster, is effective during 

130 normal pressure modulation with an average 
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range of modulation {average pressure 
changes), while the working piston is substan- 
tially decoupled from the actual pressure mo- 
dulation. The reactions of the pedal occurring 
5 during pressure modulation are reduced to 70 
such an extent by these measures that they 
are no longer troublesome to the driver of the 
vehicle on the one hand, although, on the 
other hand, they clearly signal to him the 
10 commencement of the anti-skid control. 75 
The invention will now be further explained 
by way of examples with reference to the ac- 
companying drawings, which show two em- 
bodiments diagrammatically and partially sec- 
15 tioned. In the drawings: 80 
Fig. 1 illustrates a first embodiment of a 
hydraulic brake system in accordance with the 
invention, having a special modulation element 
disposed outside the brake force booster, and 

20 Fig. 2 shows a second embodiment of a 85 
brake system of this kind, having a special 
modulation element disposed within the brake 
force booster. 

The drawings only show those components 

25 of a hydraulic brake system for motor vehicles 90 
with an antiskid control device which are 
necessary for understanding the invention. 
Hence, for example, the brake pedal, the com- 
pensating reservoir of the master brake cylin- 

30 der, the wheel brake cylinders and sensors for 95 
detecting the rotational speed and/or rota- 
tional deceleration values of the vehicle 
wheels, and the actual electronic control and 
regulating device of the anti-skid control de- 

35 vice, are not illustrated. 100 
In the two embodiments, a master brake 
cylinder 1 in the form of a tandem master 
brake cylinder, and an hydraulic brake force 
booster 2, are axialiy interconnected in a con- 

40 ventionai manner, the brake force booster act- 105 
ing mechanically upon the master brake cylin- 
der 1 by way of a thrust rod 24 (Fig. 1) or 
24.1 (Fig. 2). 

With respect to its booster properties, the 

45 internal construction of this hydraulic brake 110 
force booster corresponds to conventional hy- 
draulic brake force boosters disclosed in, for 
example, German Patent Specification No. D 
29 28 985 or No. D 30 23 027. It includes, 

50 inter alia, a working piston 22 axialiy displa- 115 
ceably guided in the valve housing, and a con- 
trol spool 23 axialiy displaceably mounted in a 
blind axial bore in the working piston. Dis- 
placement of the control spool within the 

55 working piston by means of an actuating rod 120 
2 1 connected to the pedal (not illustrated) 
connects a working chamber 28, defined by 
that end face of the working piston having the 
blind bore into which the control spool is in- 

60 serted, either to a pressure line connection 25 125 
or to a return-flow line connection 26 (Fig. 1) 
or 26.2 (Fig. 2) according to the position of 
the control spool relative to the working pis- 
ton, by way of axial and radial openings (not 

65 designated) in those parts. The return-flow 130 



chamber of the brake force booster is desig- 
nated 29. 

In contrast to conventional hydraulic brake 
force boosters, the brake force booster 2 ad- 
ditionally has an auxiliary connection 27 which 
communicates with the working chamber 28, 
hence providing additional possibilities with re- 
spect to control technology. 

Since the brake force booster is operated as 
a pressure modulator within the scope of the 
anti-skid control of the hydraulic brake sys- 
tem. Its line connections are not connected 
directly to the pressure medium supply 3 as in 
the case of conventional arrangements, but 
are connected thereto by way of a first valve 
unit 7, the pressure medium supply compris- 
ing, on the one hand, a pressure source com- 
prising a pump 31 and a pressure accumulator 
■ 32 and, on the other hand, a reservoir 33. 

In order to minimize reactions of the pedal 
during anti-skid control, a modulation element, 
which is independent of the working piston, is 
provided and, in the embodiment of Fig. 1, is 
a piston and cylinder unit 4 separated from 
the brake force booster 2. The brake force 
booster 2 and the modulation element 4 are 
constructed and controlled in such a way that, 
with an average range of modulation, that is 
to say, with average pressure changes, the 
pressure modulation required during anti-skid 
control is produced substantially exclusively by 
the modulation element 4, while the working 
piston 22 is retained in its axial position in 
such a way that it is not displaceable in a 
directidn for the build-up of pressure. It is only 
when larger pressure changes are required 
that the working piston 22 is also axialiy dis- 
placed for pressure modulation in accordance 
with the control requirements. 

The piston and cylinder unit 4 includes an 
axialiy displaceable piston 41 which sub-di- 
vides the cylindrical chamber of this unit into a 
modulation chamber 43 and a working cham- 
ber 44. The modulation chamber 43 is filled 
with the same pressure medium with which 
the master brake cylinder 1 is filled, and is 
connected to one of the mutually independent 
brake circuits 13 or 14 which are fed from 
the master brake cylinder 1 by way of the 
latter's outlets 11, 12 respectively. On the 
other hand, the working chamber 44 is filled 
with the same pressure medium with which 
the servo circuit, that is to say, the hydraulic 
brake force booster, is filled, and, according 
to the control requirement, may be connected 
either to the pump 31 or the pressure accu- 
mulator 32 or to the reservoir 33 by way of a 
shut-off valve 75 or opening valve 76 respec- 
tively on the first valve unit 7. In the utlus- 
trated state ready for operation, the working 
chamber 44 communicates with the pump 31 
by way of the shut-off valve 75, whereby the 
piston 41 is held against the action of a 
spring device 42 in a position in which the 
modulation chamber 43 has its smallest vol- 
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ume. It may readily be seen that the volume 
of the modulation chamber 43 may be van d 
between a minimum volume (as illustrated) 
and a maximum volume by corresponding 
5 change-over of the two valves 75 and 76, 
which results in corresponding changes in the 
brake pressure, namely in the two circuits, 
since the pressure changes directly effected in 
the brake circuit 14 by means of the modula- 
10 tion element 4 have the same effect in the 
brake circuit 13 by way of the piston of the 
tandem master cylinder. However, correspond- 
ing effects would not occur if a so-called twin 
cylinder were used instead of the tandem cyl- 

15 inder used in the embodiment. 

The anti-skid control device of the brake 
system, whose sensors and electrical control 
device and regulating device are not further . 
illustrated, includes, in addition to the afore- 

20 mentioned first valve unit 7, a second valve 
unit 6 comprising shut-off valves 61 to 64, 
The shut-off valves 61 to 64 are disposed in 
the respective brake lines leading to the wheel 
brake cylinders of the individual wheels VL, 

25 (front left}, HR, (rear right), VR (front right), 
and HL^(rear left) of the vehicle and, in accor- 
dance with the controf requirements, may be 
changed over individually or commonly from 
their illustrated open state into a closed state, 

30 in which the brake pressure in the wheel 

brake cylinders connected downstream of the 
valves is held at the value prevailing at that 
time. 

The first valve unit 7 includes, in addition to 

35 the valves 75 and 76 already mentioned: four 
further shut-off and opening valves 71 to 74, 
The shut-off valve 7 1 is disposed in the line 
leading from the pressure line connection 25 
and from the return-flow line connection 26 to 

40 the pressure medium supply 3, whilst the 
valves 71 and 73 are disposed in the lines 
leading to the pump 31 or to the pressure 
accumulator 32, and the valve 72 is disposed 
in a line leading to the reservoir 33. These 

45 three valves are illustrated in their switching 
states particularly during normal operation, 
that is to say, in the range of paaial braking 
in which anti-skid control has not yet com- 
menced, so that the pressure line connection 

50 25 and the return-flow line connection 26 are 
connected to the pressure source and to the 
reservoir respectively in the usual way. The 
opening valve 74 is disposed in the line lead- 
ing from the auxiliary connection 27 to the 

55 reservoir 33. 

When required, that is to say, when there is 
the risk of wheel lock, the valves of the two 
valve units 6 and 7 are controlled by the elec- 
tronic control and regulating device of the 

60 anti-skid control device in such a way that, 
corresponding to the control requirements, 
"pressure holding", "reduction of pressure" 
and "build-up of pressure" take place in the 
individual brake lines in a known manner, this 

65 pressure modulation normally being effected 



substantially exclusively by the piston and cyl- 
inder unit 4. 

Upon commencement of an anti-skid control 
cycle, the valves of the first valve unit 7 are 
70 controlled by the electronic control and regu- 
alting device of the anti-skid control device in 
such a way that the working piston 22 cannot 
be further displaced from the axial position it 
has just assumed, with respect to travel, in a 
75 direction to build up pressure (no further to 
the left as viewed in the drawings), that is to 
say, it assumes a "pressure holding" position. 
This may be effected by, for example, switch- 
ing the shut-off valve 72, by itself or together 
80 with the shut-off valve 71, into its shut-off 
position. By mutual change-over of the valves 
75 and 76, the pressure in the brake circuits 
13 and 14, commencing from the prevailing 
pressure, can then be alternately further re- 
85 duced and built up to this value again by 
means of the modulation element 4. 

The magnitude of the pressure changes ob- 
tainable by the modulation element 4 depends 
upon the magnitude of the potential change in 
90 volume of the modulation chamber 43 of that 
element. In normal circumstances, that is to 
say, with substantially uniform and constant 
conditions of the roadway, the pressure mo- 
dulation producible exclusively by means of 
95 the modulation element 4 Is adequate for relia- 
ble and satisfactory anti-skid control, even 
with a modulation element of relatively small 
dimensions. " 

However, with very great changes in the 
100 conditions of the roadway (^-Sprung) or verti- 
cal movement, or with greatly varying condi- 
tions {sideways between right and left, (w- 
Split), variations by drops in pressure and sub- 
sequent rises in pressure, greater than those 
105 which can be produced by the modulation ele- 
ment, may be necessary during anti-skid con- 
trol. In such a case, the valves 71 to 74 of 
the first valve unit 7 are controlled by the 
electronic control and regulating device of the 
110 anti-skid control device in such a way that the 
working piston 22 is displaced axially in one 
direction or the other direction in conformity 
with the control requirements for the purpose 
of assisting the modulation element 4. 
115 The reactions of the pedal are greatly re- 
duced by the measures taken. The remaining 
reaction of the pedal will be slightly more per- 
ceptible only when the //-conditions of the 
roadway change to a considerable extent. 
120 The construction and mode of operation of 
the embodiment illustrated in Fig. 2 are sub- 
stantially identical to those illustrated in, and 
explained with reference to Fig. 1. In this re- 
spect, the same components have been pro- 
125 vided with the same reference numerals. 

In contrast to the embodiment illustrated in 
Fig. 1, however, the special modulation ele- 
ment acting independently of the working pis- 
ton 22 of the brake force booster 2 is not 
130 constructed as an element which is separate 
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from the brake force booster, but is integrated 
into the brak force booster. It is formed by 
an auxiliary piston 5 which is nan-deformably 
secured, within the return-flow chamber of the 
5 brake force booster, to the thrust rod 24. 1 
effective between the working piston 22 and 
the master brake cylinder 1. The auxiliary pis- 
ton 5 sub-divides the conventional return-flow 
chamber of the brake force booster into a first 
10 and second component chamber 29.1 and 
29.2 respectively. Correspondingly, the brake 
force booster has two return-flow line connec- 
tions 26.1 and 26.2 respectively. 

!n contrast to other practices, the thrust rod 
15 24.1 is not rigidly connected to or integral 
with the working piston, but only abuts axially 
and loosely thereagainst, so that, although the 
servo force of the brake force booster is 
transmissible by working piston 22 to the 
20 thrust rod 24.1, the thrust rod cian also be 
moved axially by the auxiliary piston 5 which 
is subjected to pressure at both ends. 

In the second embodiment, as in the em- 
bodiment of Fig. 1, the outlets 11, 12 of the 
25 master brake cylinder 1 are connected to the 
associated wheel brake cylinders by way 
shut-off valves 61 to 64 of a second valve 
unit 6. The line connections 25, 26.1, 26.2 
and 27 of the brake force booster 2 are like- 
30 wise connected to the pressure medium sup- 
ply 3 by way of an interposed first valve unit 
7 of the anti-skid control device. A valve ar- 
** rangement identical to that of the embodiment 
of Fig. 1 has been chosen, although the two 
35 shut-off and opening valves 72.1 and 73.1 
are not connected to the working chamber of 
an external modulation element, but are con- 
nected to the return-flow line connection 26.1 
which communicates with the second return- 
40 flow chamber 29.1. 

The essential function of the arrangement 
illustrated in Fig. 2 is identical to that of the 
arrangement illustrated in Fig, 1, that is to 
say, with an average Vange of modulation, the 
45 pressure modulation required during anti-skid 
control is effected chiefly by a modulation ele- 
ment which is independent of the working pis- 
ton, namely by the auxiliary piston 5, while 
the working piston 22 is used for pressure 
50 modulation essentially only when particularly 
large pressure changes have to be produced 
during pressure modulation as a result of cor- 
responding characteristics of the roadway. 
However, as a result of the differing con- 
55 struction and arrangement of the modulation 
element, the auxiliary piston 5 in the present 
case, there are some differences in the mode 
of operation of the arrangement. Hence, upon 
commencement of an anti-skid control cycle, 
60 the valves of the first valve unit 7 are not 
controlled by the lectronic control and regu- 
lating device in such a way that the working 
piston 22 immediately remains substantially in 
the axial position which it has just assumed. 
65 Rather is the working piston 22, together with 
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the auxiliary piston &, pushed back in an axial 
direction (to the right as viewed in the draw- 
ing) for as long as the control requirement 
"reduction of pressure" exists for the anti- 
70 skid control device, until the electronic control 
and regulating device prescribes the control 
requirement "build-up of pressure". By corre- 
sponding control of the valves of the first 
valve unit 7, the working piston 22, and 
75 hence the pedal connected thereto, remains in 
the axial pos'rtion is has assumed at this in- 
stant, that is to say, it remains in this position 
in such a way that it cannot be displaced in a 
direction to build up pressure. As a result of 
80 the valve control, the forces acting upon the 
auxiliary piston 5 at the same time separate 
the latter from the working piston 22, and the 
piston 5 displaces the thrust rod 24.1 further 
to the left to increase the pressure until the 
85 control requirement "reduction of pressure" 
occurs and, after corresponding change-over 
of the valves, the auxiliary piston 5 returns 
towards the working piston to reduce the 
pressure in the brake circuit, possibly until it 
90 again comes into abutment against the work- 
ing piston. Hence, the auxiliary piston is axially 
displaced to build up and reduce pressure al- 
ternately in accordance with the control re- 
quirements. Hence, with an average range of 
95 modulation, the required pressure modulation 
is effected exclusively by means of the aux- 
iliary piston 5. It is only when the pressure 
has to be reduced to a value below the value 
assumed at the commencement of the control 
100 cycle that the working piston 22 is again used 
for pressure modulation by being pulled further 
back by corresponding change-over of the 
valves of the first valve unit 7. It is clear that 
this device always adjusts itself to the lowest 
105 //-value of the roadway on the basis of the 
pedal travel. 

In order to realise this mode of operation 
with respect to control technology, the first 
valve unit 7 of the anti-skid control device 
110 can, in principle, be constructed and/or oper- 
ated in a very different manner, this also ap- 
plying to Fig. 1. 

Hence, for example, for the purpose of re- 
ducing pressure at the commencement of an 
115 anti-skid control cycle (when, in contrast, of 
course, to the illustration of Fig. 2, the work- 
ing piston 22, together with the thrust rod 
24.1 and the auxiliary piston 5, does not as- 
sume its rest position prevailing when the 
120 brake is released, but has been displaced into 
the valve housing), it is necessary only to 
change over the two valves 72.1 and 73.1, 
whereas the other valves of the first valve unit 
7 remain in their illustrated switching states. 
125 In this switching combination, the pressure of 
the pump 31 or of the pressure accumulator 
32 would take effect in the first component 
chamber 29,1 by way of the open valve 73.1, 
so that the auxiliary piston 5 can push the 
130 working piston 22 back in a desired manner. 
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The pressure medium located in the second 
component chamber 29.2 then flows into the 
reservoir 33 by way of the open valve 72.2. 
The pressure medium located in the working 
5 chamber 28 at the same time flows into the 
second return-flow chamber 29.2 by way of 
internal control ports, and then into the reser- 
voir 33 by way of the open valve 72.2. If it 
appears advisable to reduce the pressure more 

10 rapidly, it would also be possible to switch off 
the brake force booster entirely in such a way 
that the valve 71 is shut off and the valve 74 
is simultaneously opened, again until the con- 
trol requirement "build up of pressure" oc- 

15 curs. 

For the purpose of building up pressure, the 
valves 71 and 74 would again be controlled 
into their illustrated switching positions and 
the valve 72.2 would at the same time be 
20 closed, whereas the two valves 72.1 and 

73.1 would be changed over to their illus- 
trated switching positions again, so that pres- 
sure medium can flow into the reservoir 33 
from the first component chamber 29.1, 

25 whereby the forces then acting upon the aux- 
iliary piston 5 displace the latter to the left in 
a desired manner to build up pressure in the 
brake circuit. 
The valve connections of the first valve unit 

30 7 shown in the drawings are only illustrated 
by way of example. However, the basic princi- 
ple of the invention can also be realised with 
valve connections differing from those illus- 
trated. Hence, for example, it is possible to 

35 connect the valve 74 of Fig. 2 to the reservoir 
33 by way of the valve 72.2 and not directly 
thereto, and at the same time to omit the 
valve 73.2. On the one hand, the pressure 
medium could then be discharged into the res- 

40 ervoir 33 from the working chamber 28 with 
the valves 72.2 and 74 open and, on the 
other hand, system pressure could be admit- 
ted into the second return-flow chamber 29.2 
by way of the valve 74 and the working 

45 chamber 28 with valve 74 open and valve 

72.2 closed. 

It will be appreciated that safety valves or 
the like, through which the pressure medium 
can be discharged from the individual cham- 
50 bers when necessary, are conventionally pro- 
vided in addition to the valves illustrated. 

CLAIMS 

1. An hydraulic brake system for motor 
55 vehicles having an anti-skid control device, 
comprising a master brake cylinder op rated 
by a first pressure medium, and a brake force 
booster which acts mechanically upon the 
master brake cylinder and which is operated 
60 by a second pressure medium and is operable 
as a pressure modulator for the anti-skid con- 
trol, a respective shut-off valve being provided 
in each of the brake lines leading from the 
master brake cylinder to the wheel brake cyl- 
65 ind rs, wherein a) the brake force booster is 
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an hydraulic brake force booster having a 
pressure line connection which is connectible 
to an hydraulic pressure source, and at least 
one return-flow line connection which is con- 

70 nectible to a reservoir and which additionally 
has an auxiliary connection connected to its 
working -chamber, (b) the pressure modulation 
during anti-skid control is produced on the 
one hand by the working piston of the brake 

75 force booster and, on the other hand, by a 
modulation element which is independent 
thereof, (c) in the case of an average range of 
modulation (magnitude of the changes in pres- 
sure), the pressure modulation is substantially 

80 exclusively effected by the modulation ele- 
ment, while the working piston is retained in 
its axial position in such a way that it is not 
displaceable in a direction to build up pres- 
sure, and (d) in the case of greater than aver- 

85 age changes in pressure which may be re- 
quired, the working piston is also axially dis- 
placeable in conformity with the control re- 
quirements. 

2. An hydraulic brake system as claimed in 
90 claim 1, wherein the modulation element is a 

piston and cylinder unit which is separate 
from the brake force booster and whose axi- 
ally displaceable piston sub-divides a cylindri- 
cal chamber into a modulation chamber which 
95 is filled with the first pressure- medium and 
which communicates with one of the brake 
circuits fed by the master brake cylinder, and 
a working chamber which, in conformity with 
the control requirements, is connectible either 
100 to the pressure source or to the reservoir by 
way of a respective shut-off and opening 
vafve. 

3. An hydraulic brake system as claimed in 
claim 2, wherein, when in its state ready for 

105 operation, the working chamber communicates 
with the pressure source by way of the shut- 
off valve, and the piston thereby remains, 
against the action of a spring device, in a 
position in which the modulation chamber has 

110 its smallest volume. 

4. An hydraulic brake system as claimed in 
any of claims 1 to 3, wherein the pressure 
line connection is connected to the pressure 
source by way of a shut-off valve, the aux- 

115 iliary connection is connected to the reservoir 
by way of an opening valve, and the return- 
flow line connection is connected on the one 
hand to the reservoir by way of a shut-off 
valve and, on the other hand, to the pressure 

120 source by way of an opening valve. 

5. An hydraulic brake system as claimed in 
claim 1 , wherein the modulation element is an 
auxiliary piston which is subjectable to pres- 
sure at both ends and which, disposed within 

125 the return-flow chamber of the brake force 
booster to sub-divide the said return-flow 
chamber into a first and a second component 
chamber, is rigidly secured to the thrust rod 
which is effective between th working piston 

130 of the brake force booster and the master 



brake cylinder ahd which is separate from but 
abuts axially against the working piston. 

6. An hydraulic brake system as claimed in 
claim 5, wherein the pressure line connection 
5 is connected to the pressure source by way 
of a shut-off valve, the auxiliary connection is 
connected to the reservoir by way of an 
opening valve, and the return-flow line con- 
nections of the first and second component 
10 chambers are each connected on the one 
hand to the reservoir by way of a respective 
opening valve and, on the other hand, to the 
pressure source by way of a respective open- 
ing valve. 

15 7. Hydraulic brake systems for motor 
vehicles having an anti-skid control device 
substantially as herein described with refer- 
ence to and as illustrated in the accompanying 
drawings. 
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